INTRODUCTION {#sec1-1}
============

*Tecoma stans*, is a common plant in Latin America, used traditionally in Mexico for the control of diabetes. The presence of alkaloids in *T. stans* was first reported in 1899,\[[@ref1]\] and the first alkaloid was isolated in 1959 by Hanrnouda and Motawi.\[[@ref2]\] The structure of tecomine was determined in 1962 by Jones *et al*.,\[[@ref3]\] and a number of pyridine alkaloids of obvious monoterpene relationship have been isolated from the plant.\[[@ref4]\] Also in 1983, the indolic alkaloids were isolated from the leaves of *T. stans*.\[[@ref5]\] In 1993, phytochemical investigation of an ethanolic extract from the fruits of *T. stans* has led to the isolation of two monoterpenic alkaloids, 7-hydroxyskytanthine, and 4-hydroxytecomanine.\[[@ref6]\] In 2003, Luca *et al*., isolated alkaloids and evaluated there *in vivo* and *in vitro* antidiabetic activity.\[[@ref7]\] Marzouk *et al*. identified a number of compounds from the fruits and flowers of the *Tecoma* that had antioxidant activity and anti-proliferative effect against cancer cell lines.\[[@ref8]\] A study focuses on elucidating the pharmacological mechanism of *T. stans* antidiabetic effect of the aqueous extract on type-2 diabetes mellitus animal models was due to intestinal alpha-glucosidase inhibition by decreasing the postprandial hyper-glycaemia peak. In addition, *T. stans* aqueous extract subchronic administration reduces triglycerides and cholesterol, without modifying fasting glucose.\[[@ref9]\] Recently, Mathur *et al*., in 2010, stated that effects of 50% ethanolic extract of *T. stans* leaves in adult Wistar male rats on reproduction, where the effects may have an inhibitory influence on gonadotropin release that may be responsible for the decline in testosterone production, leading to changes in spermatogenesis.\[[@ref10]\] Senthilkumar *et al*. found that leaves have a potential broad spectrum antibacterial activity.\[[@ref11]\] The aim of this study is to investigate for the first time the antibacterial activity of aqueous, alcoholic crude extracts, and isolated tecomine from *T. stans* collected from Iraq. In addition, the histopathological evaluation of the liver, spleen, and pancreas of the BALB/C mice treated with whole crude aqueous and ethanolic extract.

MATERIALS AND METHODS {#sec1-2}
=====================

Collection of plant material {#sec2-1}
----------------------------

The leaves of *T. stans* Juss (Bignoniaceae) grown in Iraq were collected from the area of University of Baghdad (Al-Jadria) in August and November 2003. The specimen was authenticated by Dr. Ali Al- Mousawi (University of Baghdad college of Science department of Biology) as shown in [Figure 1](#F1){ref-type="fig"}. The leaves were dried at room temperature in the shade, pulverized by mechanical mills and weighed.

![The aerial part of the plant *Tecoma stans*](PR-4-37-g001){#F1}

Plant extraction procedure {#sec2-2}
--------------------------

The dried leaves (50 g) were extracted by a Soxhlet apparatus using diethyl ether/ammonia (15%) (90: 10) as a solvent for 4 h. The filtrate was in turn extracted with 4N HCl at room temperature (step A). The organic phase was dried with anhydrous sodium sulphate and evaporated to dryness under reduced pressure to give a white precipitate. The precipitate was further purified by dissolving it in chloroform then precipitation by dropwise addition of methanol.

The acidic aqueous phase obtained in Step A was extracted with hexane (A) then ethyl acetate (B), and finally it was treated with ammonia until pH 12 in order to obtain the alkaloidal fraction.

Hexane: The organic phase was then washed with water, treated with anhydrous sodium sulphate, and the solvent was removed under reduced pressure at 30°C. The resultant white precipitate, consisting of sterols, was further investigated.Then the aqueous phase from step (1) was extracted with ethyl acetate (1: 3 v/v) three times in order to obtain the phenolic and polyphenolic fraction.The aqueous phase from step (2) was then extracted three times with diethyl ether (1: 3 v/v). The ethereal phase was then evaporated and a white precipitate was obtained.

The acidic aqueous phase was then treated with ammonia (30%) until pH 12 that was accompanied with a change in the color to a dark greenish brown, and introduced to a separatory funnel, where it was extracted with dichloromethane three times (1 : 3 v/v). The organic layer was then dried with anhydrous sodium sulphate and the solvent was removed under reduced pressure at 40°C giving dark brown greenish crude alkaloidal fraction of approximately 4 g (7, 11). This crude extract has been then used for the purification of Tecomine.

Aqueous and ethanol extraction {#sec2-3}
------------------------------

50 g of the dried leaves were pulverized then soaked with each solvent separately for 72 h at 25°C with occasional stirring (protected from light). The extract was filtered and then the solvent was removed under reduced pressure to dryness by the rotary evaporator. The recovery weight was about 20--30% from the dried material.\[[@ref12][@ref13]\]

Thin layer chromatography {#sec2-4}
-------------------------

Precoated 20×20 cm (0.25 mm thick) TLC Kieselgel GF254 plates (Merk) were activated at 110°C for 1 h before use for the analysis. Developing solvent system used 100 ml placed in the glass Jar (22.5 cm×22 cm×7 cm) lined with Whatman no.1 filter paper (GE Healthcare) covered with a glass lid and allowed to saturate with appropriate mobile phase (saturation time 1 h) before use. Different solvent systems were used for the separation of the alkaloidal fraction the one with the best separation Dichloromethane: methanol: ammonia (89.5 : 10 : 0.5 v/v). Identification reagent for alkaloids was Dragendorff spraying reagent. The solvent system used for isolation of polyphenolic compounds with very good separation *n*-hexane : ethyl acetate : acetic acid (62 : 28 : 10 v/v), for detection UV light 254 and 366 nm, standard reference compounds used were caffeic acid, ferulic acid quercetin, and catechin. The solvent system used for isolation and separation of phytosterols: toluene: ethyl acetate (93:7 v/v), which gave the best separation, detection through vanillin/sulpheric acid (2%), and standard reference compound used -- sitosterol.\[[@ref14][@ref15]\]

Column chromatography {#sec2-5}
---------------------

The column with a length of (75 cm × 20 mm) was packed with (50 gm) silica gel (kicselgel 60) suspended in dichloromethane (100 ml). The alkaloidal fraction (1 g) was dissolved in a minimum amount of dichloromethane and applied to the top of the column. Using gradient elution technique the mobile phase of dichloromethane and increasing quantity of methanol from 0--40%. Equal volumes (5 ml) of 70 fractions were collected and each fraction was evaporated from the solvent then monitored by TLC. Fractions that contain the same pure compound were mixed together, 0.1 g of tecomine was extracted. While the fraction which contains more than one alkaloid, further purified and isolated by preparative chromatography.\[[@ref16]\]

Preparative thin layer chromatography {#sec2-6}
-------------------------------------

The fraction which contained more than one compound was dissolved in minimum quantity of dichloromethane and applied on a number of preparative precoated 20×20 cm (2 mm thickness) TLC Kieselgel GF254 plates (Merck, Germany). With the solvent system dichloromethane: methanol: ammonia (89.5:10: 0.5 v/v). Two major bands were observed by spraying side of the plate with Dragendorff spraying reagent to indicate the position of the bands. The two bands were scrapped, eluted with dichloromethane, and then filtered; the filtrate was evaporated to dryness under vacuum.

Animals and Experimental design {#sec2-7}
-------------------------------

Eight-week old male BALB/c mice weighing (22±2 gm) from the University of Baghdad, college of science, department of biology. The mice were kept in metallic cages at a mean temperature of 23°C at a 12 h dark-light cycle and permitted to freely consume water and food in the animal house of research center of biotechnology Al-Nahrain University. All experiments were conducted between 10.00 and 17.00 h and were in accordance with the ethical guidelines of the International association for Study of Pain (Zimmerman 1983) and approved by the institutional animal ethics committee. The experimental design was performed by randomly dividing the 60 male mice into two main groups for each extract, and then six equal experimental groups (five mice per group) were used for these determinations. Ethanolic and aqueous extracts of *T. stans* previously prepared were used at concentrations of 0.000 0625 g/0.25 ml (2.84 mg/kg), 0.000 625 g/0.25 ml (28.4 mg/kg), 0.006 25 g/0.25 ml (284 mg/kg), and 0.0625 g/0.25 ml (2840 mg/kg) for each group, respectively. Each group received the plant extract via oral gavage suspended in the phosphate buffer solution PBS for 15 consecutive days. While the control group received PBS only in a fixed volume of 1 ml/100 g body weight the sixth group received doxorubicin (DX) 10 mg/kg as positive control (sigma). Three independent experiments were performed.\[[@ref17]\] Animals were sacrificed by cervical dislocation with mid chloroform anesthesia. Blood was obtained via cardiac puncture, allowed to clot, centrifuged (1500 rpm, 10 min, room temperature) and stored at --20°C until analysis. The liver, spleen, and pancreas were excised from the mice and processed for histology assessment.

Histopathology assessment of tissues {#sec2-8}
------------------------------------

Processing of tissue samples for histology assessment followed established procedures. In brief, the tissue samples were rinsed with 0.9% saline solution, fixed in 10% formalin. Then the diagonal section of the liver, the transverse section of the pancreas, and the horizontal section of the spleen were obtained and processed (Leica TP1020, Japan) as follows: (1) 10% neutral buffered formalin for 1 h, twice; (2) 70% alcohol for 1.5 h; (3) 80% alcohol for 1.5 h; (4) 90% alcohol for 1.5 h; (5) absolute alcohol for 1.5 h, twice; (6) xylene for 1.5 h, twice; (7) in molten wax at 65°C for 2.5 h two changes. The processed tissues were embedded in paraffin and sectioned at 4 μm thickness, placed on frosted glass slides and dried on a 70°C hot plate for 30 min. The tissues were stained using the hematoxylin and eosin (HandE) stains. The sections were dewaxed in two changes of xylene (3 min each), hydrated in two changes of 100% ethanol, followed by 90% ethanol and 70% ethanol, for 3 min each, rinsed with water (3 min) and stained. The stained tissues were dehydrated with 70% ethanol followed by 90% ethanol, placed in two changes of 100% ethanol for 3 minutes each and cleaned with two changes of xylene (3 min each).

Biochemical analysis {#sec2-9}
--------------------

Blood was obtained via cardiac puncture, allowed to clot, centrifuged (1500 rpm, 10 min, room temperature) and stored at --20°C until analysis. The biochemical estimation was done using the following methods serum glucose was measured by Medisense Optium glucometer. The glucose oxidase method was used to determine plasma glucose levels using a GM7 Analox glucose analyzer (Helena Laboratories, Mount Waverley, Victoria, Australia). Serum cholesterol (Parekh and junj.1970) and triglyceride (Rice 1970). The fast was performed overnight (18 h), with the food withdrawn at 4 pm.\[[@ref18]\]

Preparation of media and nutrient agar {#sec2-10}
--------------------------------------

Media for assessing the antimicrobial activity was prepared by dissolving 8 g of nutrient broth (Merck, UK) in 1 l of freshly distilled or completely demineralized water. Agar was prepared by dissolving 5 g of Bacto-agar (Difco laboratories, UK) in 200 ml of distilled water with continuous stirring and heating until clear solution appears. Both the media and agar were sterilized by autoclaving at 121°C for 15 min. Then they were left to cool down at 50-55°C.

Bacteria used *Staphylococcus aureus* (ATCC 25923); *Escherichia coli* (ATCC 25922), and *Bacillus subtilis* (ATCC 6623) were supplied by Biotechnology Research Center, Al- Nahrain University, Iraq. The bacteria were grown in nutrient broth at 37°C and maintained on nutrient agar at 4°C.\[[@ref19]\]

Determination of the antimicrobial activity {#sec2-11}
-------------------------------------------

Standard methods were used to determine minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of the whole extracts and isolated tecomine. Strains were cultured overnight at 37°C in nutrient broth. Concentrations of the whole extracts and isolated tecomine were 25, 50, and 100 μg/ml, respectively, in addition broth containing bacteria only without extract and broth containing the extract only without bacteria. The test was carried out by weighing 25, 50, and 100 μg/ml, respectively, of each extract dissolved or suspended in 1 ml of the solvent. Sterile agar media weighing 99 ml were added under aseptic conditions to 150 ml flat bottom sterile Petri dishes together with 1 ml of plant extract at different concentrations. These plates were allowed to solidify on a level surface. A loop full of inoculums suspensions (bacteria) was taken and streaked on a radial pattern on the agar containing the plant extract and isolated tecomine a triplicate agar plate were used in order to obtain accurate results, standard and control plates were treated in the same way without the plant extract (standard antibiotics were penicillin, vancomycin and cefotoxime). Results were taken from plates having the expected appearance of colonies otherwise the plates were discarded. Subcultures of these were used to determine MBC. Two susceptibility endpoints were recorded for each isolate. The MIC is defined as the lowest concentration of compounds at which the microorganisms tested did not demonstrate the visible growth. The MBC is defined as the lowest concentration yielding negative subculture or only one colony.\[[@ref20][@ref21]\]

Determination of antimicrobial susceptibility using agar well diffusion assay {#sec2-12}
-----------------------------------------------------------------------------

Both extracts and isolated tecomine were tested for antimicrobial activity using the agar well diffusion method. Circular wells (6 mm in diameter) were cut in the agar culture media and filled with 25, 50, and 100 μL extract.\[[@ref22]\]

Statistical analysis {#sec2-13}
--------------------

Analysis of data were performed by using SPSS (version 18). Results expressed as mean ± S.D. statistical differences were determined by Student Newman Keul test for multiple comparison after ANOVA (Freund, 1981).

RESULTS {#sec1-3}
=======

Phytochemical results {#sec2-14}
---------------------

The alkaloidal fraction contained several alkaloids, as shown in [Figure 2](#F2){ref-type="fig"}: boschniakine (0.9), tecomine (0.65), dihydro tecomine (0.56), 4-hydrox tecomine (0.5), 7-hydroxy skitanthine (0.4), and 5-hydroxy skitanthine (0.3), respectively, which were closely related to the authentic samples of the Egyptian and Brazilin *T. stans* provided by professor Luca Constantino.\[[@ref7]\] Preliminary detection of phytosterols (sitosterol) present in alcoholic, aqueous, and dichloromethane extracts of *T. stans*. Where the observed Rf values in all three samples were analogue to the standard Rf values 0.95. Preliminary detection of polyphenolic compounds present in the alcoholic, aqueous, and dichloromethane extracts of *T. stans*, as shown in [Table 1](#T1){ref-type="table"}.

![The structure of compounds isolated: 1-Tecomine, 2-5-β-Hydroxyskitanthine, 3- Boschniakine, 4-Dihydrotecomine, 5-4-Hydroxytecomine, 6-7-Hydroxyskitanthin](PR-4-37-g002){#F2}

###### 

The observed Rf values of the polyphenolic compounds present in *Tecoma stans*

![](PR-4-37-g003)

Spectroscopic analysis {#sec2-15}
----------------------

The identification of isolated compounds from the alkaloidal fraction were based on the comparison of spectral data with data reported in the literature.\[[@ref4][@ref6][@ref7]\] Tecomine (tecomanine) molecular formula of C~11~H~17~NO with molecular weight 179 yields 0.1 gm as colorless oil, boiling point 125°C, the UV absorption at 226 nm. IR spectroscopy: 3053.11, 1700, 1595, and 736 cm^−1^.

^1^H-NMR (CDCl3): 0.98 (3H, d, J 6.8), 1.15 (3H, d, J 7.0), 1.3 (2H, t, J 11.8), 1.9 (3H, s), 2.8 (H, m), 3.2 (1H, m), 3.3 (3H, m). ^13^C-NMR;11.52, 19.0, 29.8, 32.0, 33.8, 36.6, 50.9, 57.0, 146.2, 157.2, 181.0.

Body weight {#sec2-16}
-----------

Body weight of group 3 and 4 given the ethanolic and aqueous extract of *T. stans* leaves showed significant effect on the body weight of treated mice as compared to control. As shown in Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}.

###### 

Change in the weights of the BALB/c mice treated by aqueous plant extract

![](PR-4-37-g004)

###### 

Change in the weights of the BALB/c mice treated by alcoholic plant extract

![](PR-4-37-g005)

Histopathological examination {#sec2-17}
-----------------------------

The macroscopic findings of the organs taken from the mice (liver, spleen, and pancreas) were normal in size and shape were only the liver of the mice treated with the plant extract of the highest dose was 1/2 the weight of the normal or control mice and yellowish in color. While the microscopic examination of the control and the mice treated with plant extract, liver sections showed the intact liver architecture with normal hepatocyte, central vein, and portal tract (bile duct, portal vein, and hepatic artery). Pancreas section showed preserved pancreatic tissue normal exocrine (acinar cell) and endocrine (islet cells). Spleen section showed normal red and white pulps. There were no significant pathological lesions detected in the mice for the treated and control groups as shown in [Figure 3](#F3){ref-type="fig"}. However, the group treated with DX showed significant change in the texture of the organs, liver and spleen hyperplasia, with degeneration of the pancreas.\[[@ref18]\]

![Sections for the liver, pancreas and spleen of the mice treated with the plant extract and control mice (not treated with plant extract), a. liver (control) b.Liver (extract) c. Pancreas (control) d. Pancreas (extract) e. Spleen (control) f. Spleen (extract)](PR-4-37-g006){#F3}

Biochemical analysis {#sec2-18}
--------------------

The findings predict that the plant extract may have an effect on the glucose level. As shown in Tables [4](#T4){ref-type="table"} and [5](#T5){ref-type="table"}.

###### 

The effect of the aqueous plant extract from *Tecoma stans* on biochemical parameters in the blood of the BALB/C mice

![](PR-4-37-g007)

###### 

The effect of the alcoholic plant extract from *Tecoma stans* on biochemical parameters in the blood of the BALB/C mice

![](PR-4-37-g008)

Microbiological study {#sec2-19}
---------------------

Different extract (aqueous, ethanolic and tecomine) of *T. stans* were obtained and minimum inhibitory concentration (MIC) and minimum bacteriocidal concentration (MBC) were determined and inhibition zone diameter (IZD) was evaluated (25, 50, 100 μg/ml).

The alcoholic extract possesses the antibacterial activity against some of the tested microorganism, where the growth of *E. coli* and *B. subtilis* was inhibited at different concentration as shown in Tables [6](#T6){ref-type="table"} and [7](#T7){ref-type="table"}.

###### 

Minimum inhibitory concentration of the plant extracts against *Staphlyococcus*, *E. coli* and *Bacillus subtilis* ND: no detective activity.

![](PR-4-37-g009)

###### 

The effect of the plant extract on the growth of Bacteria

![](PR-4-37-g010)

The tecomine possessed also the antibacterial activity against some of the tested microorganisms. Where the growth of *E. coli* and *B. subtilis* was inhibited at different concentrations.

The aqueous extract possesses no antibacterial activity against the tested microorganism; this may be due to the low concentration of the active constituent.

DISCUSSION {#sec1-4}
==========

The mobile phase used dichloromethane in the presence of a small amount of methanol and ammonia. Therefore, the nonpolar compounds will run with the mobile phase toward the solvent front and the polar compounds will be in the lower end of the plate. Boschniakine has the higher R~f~ value due to its pyridine ring. Tecomine was second due to its piperidine ring and to the unsaturation in the five-member ring, also due to the carbonyl group. As for the saturated compounds it becomes more polar and the 4-hydroxytecomine is more polar than dihydrotecomine because of the hydroxyl group (OH) at C~4~ so it has a smaller R~f~ value. Skitanthines are polar compounds due to the hydroxyl group (OH) and it shows a slow movement in the mobile phase and since the 7-Hydroxy skitanthine is slightly less polar than the others due to its molecular weight (unsaturation between C5 and C6) it will have an R~f~ value higher than the other skitanthines.

Studies on the antibacterial activities of medicinal plants have clearly become a progressive trend using the different screening method. The preliminary presence of polyphenolic compounds together with phytosterols (sitosterol) in the aqueous and alcoholic extracts indicated for the first time with the Iraqi *T. stans*. There effect is strongly dependent on their structural characteristics, related to the number of OH ring substituents and in the length and/or degree of saturation of the carbon chain between the phenyl and the terminal carboxylate groups, which are known to exhibit the antioxidant activity. Also, the conformational behavior is important in the cytotoxic activity. The β-sisterol has an antibacterial activity and has a role in the antibacterial effect of the plant extract on microorganism. The alkaloidal fraction tecomine possesses antibacterial activity against *E. coli*. The solvent used for control, alcoholic, and distilled water used did not show any activity.\[[@ref23]\]

The significant decrease in the blood glucose depending on the dose or amount of extract given to the mice gives a clear indication of a potential hypoglycemic effect of the Iraqi *T. stans* due to the different secondary metabolites present in the extracts, where most of the literature concentrate on the alkaloid Tecomine to be the element responsible for the hypoglycemic effect. In reference to the previous information, we recommend further investigation into the isolation, characterization, and mechanism of other secondary metabolites such as polyphenolic and phytosterols compounds.

The cholesterol level and triglyceride was not affected depending on the dose or amount of extract given to the mice.

There is a clear indication that the whole aqueous and ethanolic extracts do not have histopathological effect on the organs of the mice tested indicating potential safety of the extracts, which will need further animal studies to confirm.

However, there is no clear evidence, we have, showing which compound is mainly responsible for the anti-bacterial activity and this is a matter of further investigation.

CONCLUSION {#sec1-5}
==========

*T. stans* cultivated in Iraq contains a number of alkaloids basically the same as that of Egyption and Brazilian Tecoma, which need future study for its individual antimicrobial effect. It also contains other constituents such as polyphenolic and phytosterols. The decrease in the blood glucose indicates the initial potential hypoglycemic effect of the *T. stans* that will need further animal and clinical trial in order to confirm the antidiabetic effect. In addition, the aqueous and alcoholic plant extracts show no histopathological effect on the organs liver, spleen, and pancreas of the mice tested.
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